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@ Radiation curable composition with high tempemtura ol resistance. 

(g) The present invention relates to a radiation curable composition wHh higti temperature oil resistance 
comprising 

(1) a (meth)acrylated urethane component comprising 

(a) the reaction product of hydroxyethyi(meth)acrylate and a monomeric or polymenc aromatic 
isocyanate, 

(b) hydroxyethyl(methy)acrylatB and optionally 

(c) a (meth)aciylated prepolymer of a monomeric or polymeric aromatic isocyanate and at least one 
pdycaprdactone polyoi with a functionality s 2 and a molecular weight in the range of about 500 to 
about 3000, or ^ * , * 

(d) a (meth)acfylated propdymer of a monomeric or polymeric aromatic isocyanate and at 'east one 
poiyether polyoi witii a functionality £ 2 and a molecular weight in the range of about 90 to about 7000. 
or a mixture of (c) and (d), . ^ ^ . ^ u ^ 

(2) an aromatic multifunctional epoxy (metti)acrylate having a moleciiar weight of less ttian about 
1000. 

(3) at least one free radical polymenzable monomer and 

(4) a free radical photoinitiator, , ^ ^ 
which composition exhibits at 25^0 (i) a Tg greater ttian about 46X, (ii) an elongation of greater than 
about 3%. (iii) a tensUe stiengtii of greater ttian about 9 N/mm^ and (w) a shear storage modulus of 
greater ttian about 30 N/mm^. 
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The pr s nt invention is directed to a radiation curable composition with high temperature oil resistance 
useful in adhesiv applications requiring a combination of chemical, temperature and fatigue resistance, in par- 
ticular in the construction of oil and chemical flit rs. 

Prior art adhesives useful in the construction of oil and chemical filters are PVC plastisol in nature and 
5 require a heat cure. The radiation curable composition of the present invention offers significant productivity 
improvements over the prior art heat cured adhesives in terms of lowering of cure time. 

As compared with existing UV curable adhesives, the radiation curable composition of the present inven- 
tion offers a unique combination of temperature resistance, chemical resistance and toughness. 

Accordingly, it is a primary object of the present invention to provide a radiation curable comix)Sition which 
10 exhibits at 25'C (i) a Tg greater than about 45°C, (ii) an elongation of greater than about 3%, (iii) a tensile 
strength of greater than about 9 N/mm^ (1 300 psi) and (iv) a shear storage modulus of greater than about 30 
N/mm2 (4300 psi). 

Further objects and advantages of this invention will become apparent from the following desaiptive ma- 
terial and illustrative examples. 
f5 The present invention provides a radiation curable composition with high temperature oil resistance useful 
in adhesive applications requiring a combination of chemical, temperature and fatigue resistance. 

The present invention relates to a radiation curable composition with high temperature oil resistance com- 
prising 

(1 ) a (meth)acrylated urethane component comprising 

X (a) the reaction product of hydn)xyethyl(meth)acrytate and a monomeric or polymeric aromatic iiso- 

cyanate, 

<b) hydroxyethyl(meihy)acrylate, and optionally 

(c) a (meth)acrylated prepolymer of a monomeric or polymeric aromatic isocyanate and at least one 
polycaprdactone polyd with a functionality % 2 and a molecular weight in the range of about 500 to 

25 about 3000 or 

(d) a (meth)acrylated prepolymer of a nK>nomeric or polymeric aromatic isocyanate and at least one 
polyether poiyoi with a functionality s 2 and a molecular weight in the range of about 90 to about 7000, 

or a mixture of (c) and (d), 

(2) an aromatic multifunctional epoxy (meth)acrylate having a molecular weight of less than about 1000, 
X (3) at least one free radical polymerizable monomer and 

(4) a free radical photoinitiator, 
which composition exhibits at 25*C (i) a T^ greater than about 45«C, (ii) an elongation of greater than about 
3%, (iii) a tensile strength of greater than about9 N/mm^ (1300 psi) and (iv) a shear storage modulus of greater 
than about 30 N/mm^ (4300 psi). 

35 The (meth)acrylated urethane component provides the composition with excellent toughness and low 

shrinkage. The (meth)acrylatad urethane component is prepared by reacting the monomeric or polymeric ar- 
omatic isocyanate with an excess of hydroxyethyl(meth)acrylatB, preferably hydroxyethylmethacrylate 
(HEMA), thereby producing components (a) and (b). 

Component (a) is present in an amount ranging firom about 50 to about 99% by weight, preferably about 

40 80 to about 99% by weight, and most preferably about 94% by weight based upon the total weight of component 
(1). 

Component (b) is present In an amount ranging from about 1 to about 50% by weight, preferably about 1 
to about 20% by weight, and most preferably about 6% by weight based upon the total weight of component 
(1). 

45 Suitable aromatic isocyanates include methylene bis-(4-isocyanato benzene), toluene diisocyanate, 3.3'- 
toluldine-4,4'-diisocyanate, 3,3'-dimethyl-dlphenylmethane-4,4'-diisocyanate, 1 ,5-diisocyanato-naphthalene, 
1,4-drisocyanato-benzene and 1,4- and 1.3-dMisocyanato-dimethyl)-benzene. Preferably, methylene bis-(4- 
isocyanato benzene) is used. Monomeric aromatic jsocyanates are preferred although the polymeric aromatic 
isocyanates are also suitable. The polymeric aromatic isocyanates preferably have a molecular weight of about 

50 250 to about 500, most preferably, about 250 and have a functionality of about 2 to about 3, preferably about 
2.0. 

The (meth)acrylated urethane component can, in addition to components (a) and (b), further comprise 
component (c),(d) or a mixtur thereof. Th mbcture can be prepared by reacting the aromatic Isocyanate and 
the polycaprolactone polyol and/or the polyether polyd to form a prepolymer. The prepolymer is then reacted 
55 with th hydroxy thyt(meth)acrylat , preferably HEMA. 

Th reaction of the polyol with the aromatic isocyanat is carried out under nitrog n and at a temp rature 
of firom about 40«C to about lOO'C, preferably from about 60*0 to about 90*C and most preferably from about 
SO'^C to about 85''C, for about 2 to about 24 hours depending upon the reaction temperature. Hydroxy thyl- 

2 



eNSDOCIO: <eP__0530141A1 J_> 



EP 0 530 141 A1 



(m th)acrylate is then added to the reaction mixture, pr ferably with an inhibitor, at th samet mp ratur and 
the reaction is continued for about 3 to about 5 hours. Suitable inhibitors include butytated hydroxyl tolu ne. 
hydroquinone, phenothiazin , monomethylether of hydroquinone, napthaquinone, benzoquinone and th lik . 
Suitable polycaprolactone polyols that can be used to prepare component (c) include any of the known 

5 polycaprolactone polyols that are commercially available and that are fully described, for example, in U.S. Pa- 
tent No. 3,169,945. As described in this patent the polycaprolactone polyols are produced by the ring-opening 
polymerization of an excess of a caproiactone and an organic polyfunctk>nal initiator having at least two reactive 
hydrogen atoms. The organic functional initiators can be any polyhydroxyl compound as is shown in U.S. Patent 
No. 3,169,945. Illustrative thereof are the diols such as ethylene glycol, diethylene glycol, triethylene glycol, 

10 1,2-propylene glycol, dipropylene glycol, 1,3-propylene glycol, polyethylene glycol, polypropylene glycol, 
poly(oxyethylene-oxypropylene) glycols, neopentyl glycol. 1,4-cydohexanedimethanol, 2,4,4-trimethyl-penta- 
nediot, 2,2-dimethyl-3-hydroxy-propyl. 2,2-dimethy»-3-hydroxypropionate. and similar polyalkylene glycols, 
either blocked, capped or heterfc. containing up to about 40 or more alkyleneoxy units in the molecule, 3-me- 
thyl- 1,5-pentandiol, cydohexanedid, 4,4'-methylene-bis-cydohexanol, 4,4'-isopropylidene-bis-cydohexa- 

15 nol, xylenedid, 2-(4-hydroxymethylphenyl) ethanol, 1 ,4-butanediol, 1 ,6-hexanediol and the like; triols such as 
glycerol, trimethylolpropane, 1.2,6-hexanetriol, triethanolamlne. trilsopropanolamine. and the like, tetrols such 
as erythritol, pentaerythritol, N.N.N'.N'-tetrakis-(2-hydroxyethyl)-ethylene diamine, and the like. 

When the organic functtonal initiator is reacted with the caproiactone a reaction occurs that can be rep- 
resented in its simplest form by the equation: 

20 

R,(OH)^ ^. O = C - (C(R-)2)4 CHR- ^ 

o 1 

25 

O R- 
II I 

Rl- (lO C - (C)4— CHR')jH-OH)^ 

JO I 

R* 



In this equation the organfe functional initiator is the Rt(OH>» compound and the caproiactone is the 



35 R- 

I 

0=C(C)4-CHR- 



40 



iiJ 



compound. This can be €-caprolactone itself or a substituted caproiactone wherein R' is an aikyl. alkoxy. aryl. 
cydoalkyl. alkaryl or aralkyi group having up to twelve carbon atoms and wherein at least six of the R' groups 
are hydrogen atoms, as shown in U.S. Patent No. 3, 1 69,945. The polycaprolactone pdyds that are used ar 

45 shown by the formula on the right hand side of the equation. They can have an average molecular weight of 
from about 500 to about 3.000. The preferred polycaprolactone polyol compounds are those having an average 
molecular weight of from about 500 to about 3000, most preferably from about 800 to about 2000, The most 
preferred are the pdycaprolactone did compounds having an average molecular weight of from about 800 to 
about 1200 and the polycaprolactone trid and tetrol compounds having an average molecular weight of from 

50 about 800 to about 1000. In the formula, m is an integer representing the average number of repeating units 
needed to produce the compound having said mdecular weights. The hydroxyl number of the polycaprdacton 
polyd can be from about 30 to about 600. preferably from about 100 to about 200. and the polycaprdactone 
can have an average of from about 2 to ab ut 8. preferably 2 to 4, hydroxyl groups. 

Illustrative of polycaprdactone pdyds that can be used in the compositions of this inventi n, one can men- 

55 ti n the reactton products of a polyhydroxyl compound having an av rag from 2 to 6 hydroxyl groups with 
caprdactone. The mann r in which these typ polycaprdactone pdyds is produced is shown in U.S. Patent 
No. 3.169.945 and many such compositions are commercially availabi . In the following tade there are listed 
illustrative pdycaprolacton polyols. The first cdumn lists th organic functtonai initiator that is reacted with 

3 
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the caprolactone potyol shown in th second column. Kn wing th motecuiar w ights of th initiator and of 
the polycaprotactone pojyoi one can readiiy determine the average numberof moiecuies of caprolactone (CPL 
Units) that reacted to produce th compounds. This figure is shown in the third column. 

PolvcapTolactone polvols 

Average Average No. 

M^of of CPL units 

Inmator polyol in molecules 





Ethylene glycol 


290 


2 


15 


Ethylene glycol 


803 


6.5 


Ethylene glycol 


2114 


18 




Propylene glycol 


874 


7 




Octylene glycol 


602 


4 


20 


Decalene glycol 


801 


5.5 




Diethylene glycol 


527 


3.7 




Diethylene glycol 


847 


6.5 


25 


Diethylene glycol 


1246 


10 


Diethylene glycd 


1998 


16.6 




Diethylene glycol 


3526 


30 




Tricthylcnc glycol 


754 


5.3 


30 


Polyethylene glycol (MW 200)* 


713 


4.5 




Polyethylene glycol (MW 600)* 


1398 


7 




Polyethylene glycol (MW 1500)* 


2868 


12 




1 ^-Propylene glycol 


646 


5 


35 


1,3-Pn^lene glycol 


988 


8 




Dtpropylene glycol 


476 


3 




Polypropylene glycol (MW 425)* 


835 


3.6 


40 


Polypropylene glycol (MW 1000)* 


1684 


6 



45 



50 



55 



4 
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Polypropylene glycol (MW 2000)* 


2456 


4 


Hexylene glycol 


916 


7 


2-EthyI- 1,3-hexanedioI 


602 


4 


l,S-Pentanediol 


446 


3 


1 ,4-Cyclohexanediol 


629 


4.5 


1,3-Bis(hydroxycthyl)- benzene 


736 


5 


Glycerol 


548 


4 


1 ^,6-Hexanetriol 


476 


3 


Trimethyiolpropane 


590 


4 


Tiimethylolpropane 


750 


5.4 


Trimethyiolpropane 


1103 


8.5 


Triethandamine 


890 


6.5 


Eiythritol 


920 


7 


Pentaerythritol 


1219 


9.5 


1,4-Butanediol 


546 


4.0 


Neopentyi glycol 


674 


5.0 



23 

Average molecular weight of glycol 

The structures of the compounds rn the above tabulation are obvious to one skaied In the art based on 
30 the information given. The structure of 7th compound in the table above is idealized as 

o o 

HO.f(CH2)3iloV-CH2CH20CH^H2-(ol!-{CH2)3l,-OH 

35 

wherein the variable r is an integer, the sum <rf r+r has an average value of 3.7 and the average molecular 
weight is 527. The structure of 20th compound in the table above is idealized as 

O O 
Hai(CH2)3J!-01,KC3H60)„-C3H6-lcll:-(CH2)3lr-OH 

wherein the sum of r+r has an average value of 6 and the average molecular weight is 1684. This explanation 
makes explicit the structural formulas of the compounds set forth above. 

45 Polycaprolcatone hexols suitable for use in the present invention can be prepared by the catalytic poly- 
merization of an excess of polycaprolactone polyds and a cydoaliphatic epoxide. Illustrative polycaprolacton 
polyols useful in the preparation of polycaprolactone hexols include polycaprolactone diols. polycaprolacton 
trlds and the like, including mbdures thereof. Many of these polycaprolactone polyols are commercially avail- 
able from Union Carbide Corporation. Cydoaliphatic epoxides suitable for use in preparing the polycaprolac- 

50 tone hexols indude 3.4-epoxycydohexylmethyl-3.4-epoxycydohexane carboxylate, bis-(3,4-epoxycydohex- 
ylmethyl) adipate, vinyl cydohexene dioxide and the like. Many of these cydoaliphatic epoxides are commer- 
dally avialable from Union Carbide Corporation. A suitable polymerization catalyst is diethylammonium triflat 
which is conrmierdally available from the 3M Company as FC-520. 

A preferred method for preparatton of th polycaprolactone hexds comprises adding one or more pdy- 

55 caprolacton triols to a r actor, heating the polycaprolactone trids to a temperature of about 10(y»C and adding 
the catalyst using a nitrogen sparge as soon as the polycaprolactone trids are molt n. Th polycaprdacton 
trids and catalyst mbcture is then heated to a temp rature of from about 150^C to about 200«C and a cydoa- 
liphatic epoxid is add d to the mbcture. The reaction is carried out for about one hour to about three hows or 

5 
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until the oxirane content has been reduced to a nil or almost a nil value. A modification of this process can 
involve initially adding all of the ingredi nts into the reactor. A further modification of this method can inv Iv 
a vacuum treatm nt of from 10 to 30 minutes after the catalyst addition and/or the use of a vacuum during the 
heating of the polycaprolactone triols to a molten state. Preferred poiycaprolactone hexols have an average 
5 molecular weight of from about 500 to about 3000. 

TONE® 0310 from Union Carbide Corporation is the preferred polycaprolactone polyol. Component (c) 
preferably is the reaction product of methylene bls-(4Hsocyanatobenzene) and a polycaprolactone triol. 

The polycaprolactone polyol is reacted with the aromatic isocyanate, preferabiy. methylene bis-(4-isocya- 
natobenzene), in a molar ratio of about 0.2:1 to about 0.6:1 preferat)ly about 0.3:1 to about 0.5:1, and most 
10 preferably at>out 0.4:1 to produce the prepotymer of component (c). 

Preparation of a mixture of (a), (b) and (c) is exemplified in reaction scheme 1 (an excess of HEM A is used 
thereby producing (b) which is not shown): 



15 



20 



Reaction Scheme 1 : 



O O 

0<:=N-R.N=C=0 + HO-R*-OH CM:«N.R.NHi!o-R*-oll-NH.R-K«C=0 
tfocyanate polycaprolaclom prepolymflr 



Primary: 



O O 

25 



30 



0»C»N R-NH i!o-R*X>il.NH R-N«C»0 + H0CH2CH2O2CCH2CH»CH2 
prepotymcf hydioxyediyUReihacfylaie 



H2C«HCCH2C02CH2CH2o11.NH-R-NhJ!o-R'.cJ!nH-R.NHC 

acrylic termtnated polymer with polyureihane backbone 



35 Competing: 



OC=N-R-N=C=0 + HOCH2CH202CCH2CH=CH2 — » 
isocyanaie hydroxyeihylmethacrylate 

40 

O 0 

H2C*HCCH2C02CH2CH20c!-NH.R.NHc!^H2CH202CCH2CH=CH2 

45 

When component (1) contains component (a), (b) and (c), component (a) is present in an amount ranging 
from about 5 to about 35% by weight preferably about 10 to about 30% by weight and most preferably about 
23% by weight based upon the total weight of component (1). Component (b) is present In an amount ranging 
from about 1 to about 20% by weight preferably about 1 to about 10% by weight and most preferably about 
50 6% by weight based upon the total weight of component (1). Component (c) is present in an amount ranging 
frt)m about 50 to about 90% by weight preferably about 70 to about 80% by weight and most preferably about 
71 % by weight based upon the total weight of component (1). 

Component (1 ) may further include, in addition to or in lieu of component (c), a (meth)acryiated prepolymer 
of a nwnomeric or polymeric aromatic isocyanate and at least one poly ther polyol with a functionality of s 2 
55 and a molecular weight in the range of about 90 to about 7000 (i.e. component (d)). 

Suitable polyeth r polyols indud alkylen xide adducts of polyhydroxyalkanes, alkylen oxid adducts 
of non-reducing sugars and sugar derivatives and the polyols from natural oils such as caster oil and the like. 

Itlustrativ alkylene oxkie adducts of pdyhydroxyalkanes indud . among others, the atkyi ne oxide ad- 

6 
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ducts f thyiene glycol, propylen glycol, 1 ,3-dihydroxypropane, 1 ,3-dihydroxybutane, 1 ,4-dihydroxybutane, 
1,4-, 1,5-, and 1 ,6-dihydroxyhexane, 1,2-, 1,3-, 1,4-, 1,6-, and 1,8-dlhydroxyoctane, 1,10-dihydroxyd cane, 
glycerol, 12,4-trihydroxybutane, 1,2.6-trihydroxyhexane. 1,1,1 -trimethylolethane, 1,1,1-trjmethylolpropane, 
pentaerythritol, polycaprolacton . xylitol. arabltol, s rbitol. mannitol, and the like. A preferred class of alkylene 

5 oxide adducts of polyhydroxyalkanes are the ethylene oxkle, propylene oxide, butylene oxide, or mixtures 
thereof, adducts of trihydroxyalkanes. 

A further class of polyether polyols which can be employed are the alkylene oxide adducts of the non- 
reducing sugars, wherein the alkylene oxkjes have from 2 to 4 carbon atoms. Among the non-reducing sugars 
and sugar derivatives contemplated are sucrose, alkyi glycosides such as methyl glucoside, ethyl glucoside, 

10 and the like, glycol glycosides such as ethylene glycol glucoskle, propylene glycol glucoskle, glycerol gluco- 
side, 1 ,2,6-hexanetriot glycoside, and the like, as well as the alkylene oxide adducts of the alkyI glycosides as 
set forth in U.S. Patent No. 3,073,788. 

The polyols described hereinabove can have hydroxyl numbers which vary over a wide range. In general, 
the hydroxyl numbers of the above described pdyds employed in this invention can range from about 15. and 

15 lower, to about 900, and higher. The hydroxyl number is defined as the number of miligrams of potassium hy- 
droxide required for the complete neutralization of the fully phthalated derivative prepared from 1 gram of poly- 
oi. The hydroxyl number can also be defined by the equatran: 

OH=[(56.1 X 1000 xfym.w.] 

where 

20 OH - hydroxyl number of the polyd, 

/ = functionality, that Is, average number of hydroxyl groups per molecule of polyol and 
m.w. = molecular weight of the polyol. 
Further polyether polyols which are suitable for the preparation of component (d) include 
poly(oxypropylene)-poly(oxyethylene) block copolymers and nitrogen containing polyether polyols such as 
25 poly(oxyethylene)-poly(oxypropylene) block copolymera with ethylenediamine. 

The polyether polyols described hereinabove can be prepared by conventional methods and are commer- 
cially available from a number of manufacturers. The preferred polyether polyols are poly(oxypropylene)- 
poly(oxyethylene) btock copolymers. 

The polyether polyol is reacted with the aronratic isocyanate, preferably, methylene-bis-4 (-isocyanato- 
30 benzene), in a molar ratio of about 0.1:1 to about 0.8:1. preferably about 0.1:1 to about 0.3:1 mole, and most 
preferably about 0.2:1 to produce the prepolymer of component (d). 

Preparation of a mixture of (a), (b) and (d) is exemplified in reaction scheme 2 and and preparation of a 
mixture of (a), (b). (c) and (d) is exemplified in reactton scheme 3 as follows (an excess of HEMA is used thereby 
producing (b) which is not shown): 



35 



Reaction Scheme 2: 



O O 

^ OC^-R-NsCO HO R-OH — ^ CM:=N-R-NHi!aR"-ol!-NH-R-N«C=0 

isocyanatB polyether prepolymer 

polyol 



45 Primary: 

o o 

0=C«N.RMlJ!o.R"-ol!-NH.R-N-C-0 + HOCH2CH202CCH2CH=CH2 
50 pr^lymer hydroxyethyknetluciylAte 

O O O O 

H2C»HCCH2C02CH2CH2pi!-^W-R-NHJo.R-<)llra 
^ acrylic tenniinied polymer with polyurethme backbone 



7 



8NS0OC1D: <EP 05301 41 A1J_> 



EP 0 530 141 A1 



Competing: 



isocyaiuiB hydioxyechylmethaciylate 



H2C«HOC»2C02CH2ai2oll-NH.R.NHll<X3l2CH202C^ 



10 

Reaction scheme 3: 



o o 

0«C*N.R-N«CaO + HO-]t*^H > 0=<:=N-R.NH-l!o.R'-ol!-NH-R-NsC»0 

isocyanate polycaprotactone prepolymcr 



20 



o o 

CM>=N R.N=C=0 + HO-R"^H — ^ OiC«N-R-NHifaR"-0^-NH.R.N=C=0 
isocyanate polyeiher prepolymer 

polyol 



25 Primary: 

O O 

0=C=N.R.NhJ!o-R'-oI!-NH'R-N«&0 -h H0CH2CH2O2CCH2CH=CH2 
3D prepolymer hydfOxyeihylmethacryUie 



H2C=HCCH2C02CH2CH2(x!-NH.R-hm JaR -cJ! 
35 acrylic terminated polymer with polyurcthane backbone 

O O 

CM:=N.R-NH JaR'-OC-NH-R-N-C-O + HOCH2CH202CCH2CH=CH2 — ^ 
prepolymer hydroxyethylmethaaylate 



40 



45 



o o o O 

acrylic temiinated polymer with polyuiethane backbone 



Competing: 



OKMf-R-NaC^O ♦ HOCH2CH202CCH2CH*CH2 



^ isocyaiuie hydroxyethybiieihaaylate 



55 



l2oll-NH.R-NHi! 



H2C»HCCH2C02CH2CH20e-NH.R-NHC4X:H2CH202CCH2CH=CH2 

When compon nt (1) contains compon nts (a), (b) and (d), component (a) is present in an amount ranging 
from about 1 0 to about 30% by weight, preferably about 20 to about 30% by w ight. and most preferably about 
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23% by weight, based upon th total w Ight of compon nt (1). Compon nt (b) is pr sent in an amount ranging 
from about 1 to about 20% by weight, pr ferably about 5 to about 15% by weight and most preferably about 
6% by weight, based upon the total weight of compon nt (1). Component (d) is present In an am unt ranging 
fr mab ut 50 to about 90% by w lght,pr ferably about 60 to about 90% by weight, and most preferably about 

5 71 % by weight, based upon the total weight of component (1). 

When component (1 ) contains components (a), (b). (c) and (d), component (a) is present in an amount rang- 
ing from about 10 to about 50% by weight, preferably about 20 to about 30% by weight, and most preferably 
about 23 % by weight, based upon the total weight of component (1). Component (b) is present in an amount 
ranging from about 1 to about 20% by weight, preferably about 5 to about 15% by weight, and most preferably 

10 about 6% by weight based upon the total weight of component (1). Component (c) is present in an amount 
ranging from about 1 to about 10% by weight preferably about 1 to about 5% by weight, and nrwst preferably 
about 3% by weight based upon the total weight of component (1). Component (d) is present in an amount 
ranging from about 25 to about 75% by weight preferably about 50 to about 75% by welght.^nd most preferably 
about 68% by weight based upon the total weight of component (1). 

15 Component (1) preferably includes components (a), (b), (c) and (d). In a particularly preferred embodiment, 
component (1) comprises 

(a) the reaction product of hydroxyethylmethacryiate and methylene bis-(4-isocyanato benzene), 

(b) hydfoxyethylmethyaaylate. 

(c) a methacrytated prepolymer of methylene bis-(4-isocyanato benzene) and at least one potycaprolac- 
20 tone polyol with a functionality s 2 and a molecular weight in the range of about 500 to about 3000, and 

(d) a methacrytated prepolymer of methylene bis(4-isocyanato benzene) and at least one polyether polyol 
with a functionality ^ 2 and a nrK>l6cuiar weight in the range of about 90 to about 7,000. 

Suitable aromatic multiftjndtonal epoxy (methy)acrylates indude virtually all aromatic epoxy resins con- 
taining on average at least two 1.2-epoxy groups per molecule which can be (meth)acrylated by methods well 

25 known in the art 

Illustrative examples of such aromatic multifunctional epoxy resins are: 
Polyglycidyl and poly(p-methylglycidyl) ethers which may be obtained by reacting a compound containing at 
least two phenolic hydroxyl groups in the nrwiecule with epichlorohydrin. glycerol dichlorohydrin or with p-me- 
thyl epichlorohydrin under alkaline conditions or in the presence of an acid catalyst and subsequent treatment 

30 with an alkali. Illustrative of compounds containing at least two phenolic hydroxyl groups in the molecule are 
alcohols containing aromatic groups such as N,l^bi3-(2-hydroxyethyl)aniline or p,p'-bi3-(2-hydroxyethylami- 
no)diphenylmethane, or mono- or polynudear polyphenols such as resorcind, hydroquinone, bis(4-hydroxy- 
phenyl)melhane. 2,2-bis-(4-hydroxyphenyl)propane. brominated 2,2-bis-(4-hydroxyphenyl)propane, bis-(4- 
hydroxyphenyl) ether, bis-(4-hydroxyphenyl)sutfone. 1,1.2.2-tetrakis(4-hydroxyphenyl) ethane or novolaks 

35 which are obtainable by condensation of aldehydes such as formaldehyde. acetaWehyde, chloral or furfural- 
dehyde with phenols or alkyi- or halogen-substituted phenols such as phenol, the above described bisphenols. 
2- or 4-methylphenol. 4.tert-butylphenol, p-nonylphenoi or 4-chlorophenol. 

Poly(N-glycidyl) compounds which may be obtained by dehydrochlorinating the reaction products of epi- 
chlorohydrin with amines which contain at least two amino hydrogen atoms. Amines from which these epoxy 

40 resins are derived are. typically, aromatic amines such as aniline. p-tduWIne. bis-<4-aminophenyl) methane. 
bis-(4.aminophenyi) ether, bis-4 (-aminophenyl)sulfone. 4.4'-diaminobiphenyl or 3.3'-diaminobiphenyl. or aral- 
Iphatic amines such as m-xylylenediamine. 

Poly(S-glycidyl) derivatives, for example bis(S-glycidyl) derivatives whfch are derived from bis-(4-mercap- 
tomethylphenyl) ether. 

45 It is also possible, however, to use epoxy resins in which the 1 2-epoxy groups are attached to different 
hetero atoms or functional groups. These compounds comprise, for example, the N.N.O-triglycidyl derivative 
of 4-aminophenol. the N.N,0.triglycidyl derivative of 3-aminophenol or the glycidyl ether/glycidyl ester of sal- 
icylic acid. 

Preferred aromatic multifunctional epoxy (meth)acrylates include acrylated diglyddyl ether bisphenol A. 
so acrylated epoxy novolacs. amino modified bisphenol Aepoxy acrylates. rubber modified acrylated epoxies and 
fatty acid modified epoxy acrylates. * cno/ k 

The aromatic multifunctional epoxy (meth)acrylate is present in a range of from about 10 to about 60 /o by 
weight preferably about 10 to about 40% by weight most preferably about 20 to about 30% by weight 

Atleaston freeradical polymerizable monomer is included as a diluent Suitable free radical polymerizable 
55 monomere include vinylic coreactants such as N-vinyl pyrrdidone. N-vlnyl caprolactam and N.N-dimethylacry- 
lamid ,alkyl ne glycol vinyl th re, vinyl tolu ne. styrene, dh^inyl benzen andth lik , acrylates and metha- 
crylatessuchasethylen glycol dimethacrylate, isobornyl acrylat , phenoxyethyl acrylate. acrylates and me- 
thacryiatas of polyds such as trimethylol propane trimethaaylate and pentaerylhrilol trlacrylate. allylic com- 
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pounds such as triallyl isocyanurate, diallytphthalate, tetraatlyl pyromellitate, o.o'-dially bisphenoi A, eugenoi, 
aryl allyi ethers such as the diailyl ether of bisphenoi A, aaylic ester with 3-(2-hydroxy thyi)-2-oxazolidone, 
2-propenoic acid*2 *Q1-methyl ethoxy carbonyl]amino] ethyl ester and th like. N-vinyt pyrrolidon , N-vinyl 
caprolactam, acrylic ester with 3-{2-hydroxyethyl)-2-oxazondone, 2-propeno(C add*2-([1 -methyl ethoxy car- 

5 bonyljamino] ethyl ester N,N-dimethylacrylamtde and phenoxyethyl acrylate are preferred. 

The free radical polymerizable monomer is present in an anK)unt of from about 5 to about 40% by weight, 
preferably about 10 to about 30% by weight, most preferably about 20 to about 30% by weight. 

Illustrative of suitable free radical photoinitlators for use in the composition according to the present in- 
vention are 2,2-diethyloxyacetophenone, 2- or 3- or 4-bfomoacetophenone. 3- or 4-atlylacetophenone, 2-acet- 

10 onaphthone, benzaldehyde, benzoin, the aikyl benzoin ethers, benzophenone, benzoquinone. 1-chloroanthra- 
quinone, p-diacetyl-benzene, 9,10-dibromoanthracene, 9,10-dichloroanthracene, 4,4-dichlorobenzophenon , 
thioxanthone, 2-chlorothioxanthone, methylthk)xanthone, a,a,a-trichloro-para-t-butyl acetophenone, 4-me- 
thoxybenzophenone, 3*chloro*8-nonylxanthone, 3HOdo-7-methoxyxanthone. benzaldehyde» carbazole, 4- 
chloro-4'-benzyl-benzophenone, fluorene, fluoreneone, 1,4-naphthylphenylketone, 2,3-pentanedione, 2,2'di- 

15 sec-butoxy acetophenone, dimethoxyphenyl acetophenone, propiopheneone, chlorothioxanthone, xanthon 
and the like, or mixtures of these. The foregoing list is meant to be illustrative only and is not meant to exclude 
any suitable photoinitiators known to those skilled in the art. Preferably, the photoinitiator used is dimethoxy 
phenyl acetophenone. The photoinitiator is present in an amount of from about 0. 1 to about 5.0 % by weight, 
preferably about 0.1 to about 3.0 % by weight, most preferably about 1 to about 3 % by weight. 

20 Those skilled in the art of photochemistry are fully aware that photoacth^ators can be used in combination 
with the aforementioned photoinitiatoiB and that synergistic effects are sometimes achieved when such conv 
binations are used. Photoactivators are well known in the art and require no further description to make known 
what they are and the concentratkins at which they are effective. Nonetheless, one can mention as illustrative 
of suitable photoactivators, methylamine, tributylamlne, methyldiethanolamtne, 2-amirK>ethylethanolamine , 

25 allylamine, cyclohexyiamine, cydopentadienylamine, diphenylamine, ditdyiamine, trixylyiamine, tribenzyla- 
mine, n-cydohexyl-ethylenimine, piperidine, N-methylpiperazine, 2,2-dimethyt- 1,3-bis(3-Nl-morpholinyl) pro- 
pionyloxypropane, and the like, or any combination of these. 

The compositions of this invention can also be cured upon exposure to any source of radiation emitting 
actinic radiation at a wavelength within the ultraviolet spectral region. Suitable sources of radiation indude 

30 mercury, xenone, cart>on arc lamps, etc. Exposures may be from less than about 1 second to 10 minutes or 
more depending upon the amounts of particular polymerizable materials and photoinitiator being utilized and 
depending upon the radk^ation source and distance from the source and the thickness of the coating to be 
cured. The compositions may also be photopdymerized by exposure to electron beam radiation. Generally 
speaking the dosage necessary is from less than 1 megarad to 100 megarads or more. 

35 The compositiona of the invention may also contain other conventional modifiers such as extenders, fillers 
and reinforcing agents, pigments, dyestuffe. organic solvents, plasticizers, taddfiers, rubbers, diluents, and 
the like. As extenders, reinforcing agents, fillers and pigments which can be employed in the compositions ac- 
cording to the invention t here may be mentioned, for example, glass fibers, glass balloons, boron fibers, carbon 
fibers, cellulose, polyethylene powder, pdypropylene powder, mca, asbestos, quartz powder, gypsum, antt- 

40 mony trioxkle. bentones, talc, sflka aerogel ("Aerosir), fumed silica, lithopone. barite, caldum carbonate, tita- 
nium dioxide, carbon Uadc, graphHa, iron oxide, or metal powders such as aluminum powder or iron powder. 
The preferred fillers are glass balloons and sodium potassium aluminum silicate. It is also possible to add other 
usual additives, for example, agents for conferring thixotropy. flow control agents such as silicones, cellulose 
acetate butyrate, polyvinyl butyral. stearates and the like. 

45 A vertical type high-speed agitator, kneading machine, rdl machine, ball mill or any other suitable mixing 
and agitating machine may be used for dtepersion of the components of the oompodtkm of the present inven- 
tion. 

The.radiation curable composition of this invention exhibits at 25''C (i) a Tg greater than about 45^C. (ii) 
an elongatnn of greater than about 3%, (iii) a tensile strength of greater than about 9 N/nim^ and (iv) a sh ar 

50 storage modulus (GO of greater than about 30 N/inm^. Preferred composltk)ns are those which exhibit at ZS'^C 
(i) a Tg betiveen about SO^C and about 120«C, (Ii) an elongation between about 3% and about 8%, (iii) a tensile 
strength between about 13.8 NMim^ and about 20.7 N/mm* and (Iv) a shear storage modulus (G') between 
about 30 N/mm2 and about 300 NAnno^. 

The radiatton curable compositton of this inv ntion is particularly suitabi in adhesive applications requir- 

55 ing a combination of chemical, temperature and fatigue resistance, in partknilar in the construction of oil and 
ch mtcal f iters, du t th irflexibiltty. impact resistance, hardness, thermal resistance, ch mical resistanc , 
fatigu resistanc and adheskin to rigid, resilient and flexible substrates, such as metal, plastic, glass, rubber, 
paper, wood and c ramies. 

10 
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The following examples s rv to give sp cif ic illustration of th practice of this inv ntion but they are not 
Intended in any way to act to limit the scope of this invention. 

ExampI 1: 

This example illustrates the preparation of a typical mixture of acrylates urethanes (Component 1) with 
the addition of N-vinyl pyrrolidone: 

Reactants % by weight 

PLURACOL® P220 56. 1 1 

(polyether polyol from BASF, Parsippany, N J.) 

MONDUR® M Hakcd MDI 17.455 

(1,1 -tnethylene-bis-4-isocyanatobeiizeiie 

from Mobay, Pitsburg PA) 

TONE® 03 10 polycaprolactone triol 2.65 
(Union Carbide Corporation) 

BHT Ihtennediate 14.695 

(mixtuie of hydroxyethylmethacrylate and butylated 

hydxoxyl toluene in a 99.601 to 0.309 ratio) 

N-vinyi pynolidone 9.09 , 

The reaction vessel is cleaned, dried and deairated by drawing a vacuum and releasing the vacuum with 
nitrogen. The temperature is set to 71 With a nitrogen purge, the 1 ,1 -methylene-t)is-(4-isocyanatobenzene) 
is charged to the reaction vessel. After all the 1.1-methylene-bis-{4-isocyanatobenzene) has been added to 
the reaction vessel, a non-metaOic paddle is used to evenly distribute the fiakes at the bottom of the reaction 
vessel to melt After the 1 ,1 -methylene-bi8-(4-i80cyanatobenzene) is liquid, the polyether polyol is quickly add- 
ed to the reactton flask with the agitator set on high. The polycaprolactone triol is then added. The reaction is 
allowed to exotherm to 82'»C or the reaction is heated and maintained between 79-85*»C. The reaction is con- 
tinued until the NCO content is less than 6.60%. The nitrogen blanket is then removed, the temperature is 
maintained between 79-82*»C and the BHT intermediate is added in three equal portions at 45 minute intervals. 
The reaction is continued until the NCO content is less than 0.30%. N-vinyl pyrrolidone is then added to the 
reaction mature, the agitator is reduced to low and the reaction mbcture stirred for 30 minutes. The reaction 
mixture is then cooled to between 63-68<>C. 

Example 2: 

This example Illustrates the preparation of another typical mixture of acrylated urethanes (Component 1) 
using the procedure set forth in Example 1: 
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Reactants % by weight 

PLURACOL®P220 61.5 
(polyethcr polyol from BASF, Parsippany, N J.) 
MONDUR®M Flaked MDI 19 
(l,l-methylene-bi$-4-isocyanatobenzene 
from Mobay, Ktsburg PA) 

TONE® 03 10 polycaprolactonc trioi 3 
(Union Carbide Corporation) 

BHT Intermediate 16.S 
(mixtuie of hydroxyethylmethacrylate and butylated 
hydroxyl toluene in a {^.601 to 0.309 ratio) 



20 Examples 3«7: 

These examples Illustrate the preparation of typical compositions of the present Invention. The formulations 
are provided in Table 1 and the chemical and physical properties of the cured products are provided in Tables 
2 (all percentages are on a weight basis unless indicated otherwise): 



25 



30 



35 



40 



Talk ie \ 



Examples 



Reactants* 


3 


4 


5 


6 


7 


Example 1 


55.0 


44.0 


64.9 


88.6 


59.4 


EBECRYL ®37O0 


20.0 


30.0 


10.0 






NVP 




1.0 


4.1 


2.4 


3.0 


PEA 


13.0 


13.0 








TMPTA 


10.0 


10.0 


10.0 






IRGACURE®651 


2.0 


2.0 


1.0 


2.5 


3.0 


IBOA 






10.0 


4.5 


6.7 


IDA 








2.0 





45 



50 



* Descripcion of Reactants 
Example 1 
EBECRYL ®3700 
NVP 



Component 1 with 9.09% N^vinylpynolidone 

Aoylaied cpoxy bom Radcuie Specialties, Louisville* Ky 

N-vinylpynoUdone 



55 
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10 



IS 



K 



PEA 
TMPTA 

IRGACURE ®631 

IBOA 

IDA 



Phcnoxyechyt tayiiUt 

Tnniethylolprq>aiie iriacrylate -Ageflex TMPTA from CPS Chemical 
dimethoxyphenyl acetophenone from CIB A-GEIGY Coipontioiv Ardsley, N.Y. 
Isobomyl acrybie 
Isodecyl tcrylaie 



The formulations are cured using the following conditions: 
Radiation Wavelength: 

CuieUme: 

Distance Source from Specimen: 
Total Cuie Dose: 
Shore D Hardness: 
Refractive Index (25X Uncured): 
Gardner Cc^on 



Fusion Systems D Bulb 
(RockviUe, MD) 
90 seconds 

S3 mm (Focus of the reflector) 

4.32 W/cm^ 

65-75 

1.505-L515 
<1 



Table 2 

Example 



Physical Prooeitv 


3 


4 


5 


6 


7 


Tg • ("CJ 


111 


119 


136 


120 


94 


Elongation * [%] 


8 


3 


7 


46 


36 


Tensile Strength * [N/cnm^] 


14.4 


18.6 


8.9 


11.3 


15.2 


Young's Modulus [N/mm^] 


503 


979 


338 


83 


221 


Shear Storage Modulus 


262 


296 


241 


76 


138 


(atZS^CtNAnm^D 












Shear Storage Modulus 


14 


14 


21 


0.7 


7 


(at 150»C[N/mm2]) 












Shear Loss Modulus 


21 


28 


21 


7 


14 


(at 23*C [N/tam^J) 












tanSClS'O 


0.0744 


0.0861 


0.0832 


0.0111 


0.01 



50 



* The Tgbdctennined by theology using aRheometrto 
meanired using ASTM prooedwe D638-86. 



Clainw 

55 

1. A radiation curable composition with high temperature oil resistance comprising 
(1) a (meth)acrylated urethane component comprising 

(a) the raactlon product of hydfoxyethyl(met h)acry«ale and a monom ric or polymeric aromatic iso- 
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cyanate and 

(b) hydroxyethyl(methy)acrylate, 

(2) an aromatic multifunctional epoxy (m6th)acrylata having a molecular weight of less than about 
1000. 

(3) at least one free radical polymerizaUe monomer and 

(4) a free radical photoinitiator, 

which composition exhibits at 25^C (i) a Tg greaterthan about45<'C, (ii) an elongation of greater than about 
3%, <ifi) a tensile strength of greater than about 9 N/mm^ and (iv) a shear storage modulus of greater than 
about 30 N/mm2. 

2. A radiation curable composition according to daim 1 wherein component (a) is present in an amount rang- 
ing from about 60 to about 99% by weight, preferably from about 80 to about 99% by weight, most pre- 
ferably in an amount of about 94% by weight, based upon the total weight of component (1 ), and compo- 
nent (b) Is present in an amount ranging from about 1 to about 50% by weight, preferably f^om about 1 to 
about 20% by weight, most preferably in an amount of 6% by weight, based upon the total weight of com- 
ponent (1). 

3. A radiation curable composition according to daim 1 wherein said aromatic isocyanate is selected from 
the group consisting of methylene bis-<4-isocyanato benzene), toluene diisocyanate. 3,3'-toluidine-4,4'- 
diisocyanate. 3,3'-dimethyl-d}phenylmethane-4,4'-dfisocyanate. 1,&-diisocyanato-naphthalene. 1,4-dit- 
socyanato-benzene and 1,4- and 1,3-di-(isocyanato-dinnethyl)-benzene. 

4. A radiation curable composition according to daim 1 wherein said aromatic isocyanate is monomeric me- 
thylene bis-(4*isocyanato benzene). 

5. A radiation curable composition according to daim 1 wherein component (a) is the reaction product of 
hydroxyethylmethacrylate and methylene bis-(4-isocyanato benzene) and is present in an amount of 94% 
by weight, based upon the total weight of component (1), and component (b) is hydroxyethylmethacrylate 
and is present in an amount of 6% by weight, based upon the total weight of component (1). 

6. A radiation curable composition according to claim 1 wherein component (1) further comprises (c) a 
(meth)acrylated prepolymer of a monomeric or polymeric aromatic isocyanate and at least one poiycap- 
rolactone pdyd with a functionality ^ 2 and a molecular weight in the range of about 500 to about 3000. 

7. A radiation curable composition according to daim 6 wherein component (a) is present in an amount rang- 
ing from about 5 to about 35% by weight preferably firom about 1 0 to about 30% by weight, most preferably 
in an anuxint of about 23% by weight, based upon the total weight of component (1), component (b) is 
present in an amount ranging from about 1 to about 20% by weight, preferably from about 1 to about 1 0% 
by weight, most preferably in an amount of about 6% by weight, based upon the total weight of component 
(1). and component (c) is present in an anrx>unt ranging firom about 50 to about 90 % by weight, preferably 
from about 70 to about 80% by weight most preferably in an amount of about 71 % by weight based upon 
the total weight of component (1). 

8. A radiation curable composition according to daim 6 wherein component (a) is the reaction product of 
hydroxyethylmethacrylate and methylene bis-{4-isocyanato benzene) and is present in an amount of 23% 
by weight based upon the total weight of component (1 ), component (b) is hydroxyethylmethacrylate and 
is present in an amount of 6 % by weight based upon the total weight of component (1 ), and component 
(c) is the reaction product of methylene bis-(4-tsocyanatobenzene) and a pdycaprolactone trio! and is 
present in an amount of about 71 % by weight based upon the total weight of component (1). 

9. A radiation curable composition according to daim 1 wherein component (1) further comprises (d) a 
{meth)aCTylated prepolymer of a monomeric or polymeric aromatic Isocyanate and at least one pdyether 
polyol with a functionality s 2 and a molecular weight in the range of about 90 to about 7000. 

10. A radiation curaW composition according to daim 9 wherein component (a) is present in an am unt rang- 
ing firom about 10 to ab ut 30% by weight preferably firom about 20 to about 30% by weight most pr - 
ferably in an amount f about 23% by weight based upon th total weight of component (1), component 
(b) is present in an amount ranging firom about 1 to about 20% by w ight preferably from about 5 to about 
1 5% by w ight most preferably In an amount of about 6% by weight based upon th total w ight of com- 
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pon nt (1). and component (d) is present in an amount ranging from atx)ut 50 to atx)ut 90% by weight, 
pref rably from about 60 to about 90% by weight, most preferably in an amount of about 71 % by w ight. 
based upon the total w ight of component (1). 

11. A radiation curable composition according to dalm 9 wherein component (a) is the reaction product of 
hydroxyethylmethacrylate and methylene bis-{4-isocyanato benzene) and is present in an amount of 
about 23% by weight, based upon the total weight of component (1), component (b) is hydroxyethylme- 
thacrylate and is present in an amount of about 6% by weight, based upon the total weight of component 
(1). and component (d) is the reaction product of methylene bis-(4-isocyanatobenzene) and an a 
poly(oxypropylene)-poly(oxyethylene) block copolymer and is present In an amount of about 71 % by 
weight, based upon the total weight of component (1). 

12. A radiation curable composition according to claim 1 wherein component (1) further comprises (c) a 
(meth)acrylated prepolymer of a monomeric or polymeric aromatic isocyanate and at least one poiycap- 
rolactone potyol with a functionality g 2 and a molecular weight in the range of about 500 to about 3000 
and (d) a (meth)acrytatad prepolymer of a monomeric or polymeric aromatic isocyanate and at least one 
polyether polyd with a functionality 2 2 and a molecular weight in the range of about 90 to about 7000. 

13. A radiation curable composilton according to daim 1 2 wherein component (a) is present in an amount rang- 
ing from about 10 to about 50% by weight preferably from about 20 to about 30% by weight, most pre- 
ferably in an anrKMjnt of about 23% by weight based upon the total weight of component (1). component 
(b) is present in an anrYOunt ranging from about 1 to about 20% by weight preferably from about 5 to about 
1 5% by weight most preferably in an amount of about 6% by weight based upon the total weight of com- 
ponent (1), component (c) is present in an amount ranging from about 1 to about 1 0% by weight preferably 
from about 1 to about 5 % by weight most preferably in an amount of about 3% by weight, based upon 
the total weight of component (1), and component (d) is present in an amount ranging from about 25 to 
about 75% by weight preferably from about 50 to about 75% by weight most preferably in an amount of 
about 68% by weight based upon the total weight of component (1). 

14. A radiation curable composition according to daim 12 wherein component (a) is the reaction product of 
hydroxyethylmethacrylate and methylene bis-(4-isocyanato benzene) and is present in an amount of 
about 23% by weight based upon the total weight of component (1 ), component (b) is hydroxyethylme- 
thacrylate and is present in an amount of about 6% by weight based upon the total weight of component 
(1 ). component (c) is the reaction product of methylene bis(4-isocyanatobenzene) and a pdycaprdacton 
trid and is present in an amount of about 3% by weight based upon the total weight of component <1), 
and component (d) is the reaction product of methylene bis-(4-isocyanatobenzene) and an a 
poly(oxypropylene)-poly{oxyethylene) block copolymer and is present in an amount of about 68% by 
weight based upon the total weight of component (1). 

15. A radiation curable composition according to daim 1 wherein said aromatic multifunctional epoxy 
(meth)acryiata is selected from the group consisting of acrylated diglyddyl ether bisphend A acrylated 
epoxy novdacs, amino modified bisphend A epoxy acrylates. rubber modified acrylated epoxies and fatly 
acid modified epoxy acrylates. 

16. A radiation curable composition according to daim 1 wherein said aromatic multifunctional epoxy 
(meth)acrylate is present in an amount from about 10 to about 60% by weight preferably from about 10 
to about 40% by weight and most preferably firom about 20 to about 30% by weight 

17. A radiation curable composition according to daim 1 wherein said free radical polymerizable monomer Is 
selected from the group consisting of N-vinyl pyrrolidone. N-vinyl caprdactam. acrylic ester with 3-(2-hy- 
droxyethyl>-2-oxazolidone, 2.propenolc acld-2I[1-methyl ethoxy cartx)nyl]aminol ethyl ester. N.N-dime- 
thylacrylamide and phenoxyethyl aaylate. 

18. A radiation curable composition according to daim 1 wherein said ime radical polymerizable monomer is 
pres nt in an amount of ftom about 5 to about 40% by w ight. preferably ftom about 10 to about 30% by 
weight and most preferably from ab ut 20 to about 30% by w ight 
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